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CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of P16 Pin
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Notes 1. Output of clock stop detection signal from clock monitor
2. When P16 is set as the output port or TOQOO output function, if an error (oscillator stop) is detected
by the clock monitor, the CLMER signal (low level) is output from P16. Low-level output is released
by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.
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Table 4-11. Using Port Pin as Alternate-Function Pin (2/3)

Pin Name Alternate Pin Pnx Bit of Pn Register PMnx Bit of PMn Register | PMCnx Bit of | PFCEnx Bit of PFCnx Bit of Other Bit
Name 1o RF;I;/IiCS)tr;r PFCEnN Register | PFCn Register (Register)

P16 TOQO0 Qutput P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 - PFC16=0
(CLMER)™ | (CLMER)"™*

TIP20 Input P16 = Setting not required | PM16 = Setting not required | PMC16 = 1 - PFC16 =1
P17 TOP21 Qutput P17 = Setting not required | PM17 = Setting not required | PMC17 =1 - PFC17=0

TIP21 Input P17 = Setting not required | PM17 = Setting not required | PMC17 =1 - PFC17 =1
P20 TOQ1TH Output P20 = Setting not required | PM20 = Setting not required | PMC20 = 1 - -
P21 TOQ1B1 Output P21 = Setting not required | PM21 = Setting not required | PMC21 =1 - -
P22 TOQ1T2 Output P22 = Setting not required | PM22 = Setting not required | PMC22 = 1 - -
P23 TOQ1B2 Qutput P23 = Setting not required | PM23 = Setting not required | PMC23 = 1 - -
P24 TOQ1T3 Output P24 = Setting not required | PM24 = Setting not required | PMC24 = 1 - -
P25 TOQ1B3 Output P25 = Setting not required | PM25 = Setting not required | PMC25 = 1 - -
P26 TOQ10 Output P26 = Setting not required | PM26 = Setting not required | PMC26 = 1 - -
P27 TOP31 Output P27 = Setting not required | PM27 = Setting not required | PMC27 = 1 - -
P30 RXDAO Input P30 = Setting not required | PM30 = Setting not required | PMC30 = 1 - -
P31 TXDAO Output P31 = Setting not required | PM31 = Setting not required | PMC31 =1 - -
P32 RXDA1 Input P32 = Setting not required | PM32 = Setting not required | PMC32 = 1 - PFC32 =1
P33 TXDA1 Output P33 = Setting not required | PM33 = Setting not required | PMC33 = 1 - PFC33 =1
P40 SIBO Input P40 = Setting not required | PM40 = Setting not required | PMC40 = 1 - -
P41 SOBO Output P41 = Setting not required | PM41 = Setting not required | PMC41 =1 - -
P42 SCKBO I/0 P42 = Setting not required | PM42 = Setting not required | PMC42 = 1 - -

Note When P16 is set as the output port or TOQOO output function, if an error (oscillator stop) is detected by the clock monitor, the CLMER signal (low level)

is output from P16. Low-level output is released by reset signal. For details, see Table 4-5 Alternate-Function Pins of Port 1.

SNOILONNd 1HOd ¥ H31ldVHO



CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

When the TPkCE bit is set to 1, the value of the 16-bit counter is cleared from FFFFH to 0000H. The counter
counts each time the valid edge of external event count input is detected. Additionally, the set value of the TPKCCRO
register is transferred to the CCRO buffer register.

When the count value of the 16-bit counter matches the value of the CCRO buffer register, the 16-bit counter is
cleared to 0000H, and a compare match interrupt request signal (INTTPKCCO) is generated.

The INTTPKCCO signal is generated for the first time when the valid edge of the external event count input has
been detected “value set to TPKCCRO register” times. After that, the INTTPKCCO signal is generated each time the
valid edge of the external event count has been detected “value set to TPKkCCRO register + 1” times.

Figure 6-18. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMPk control register 0 (TPkCTLO)

TPKCE TPKCKS2 TPkCKS1 TPkCKSO
TPKCTLO | 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TMPk control register 1 (TPKCTL1)

TPKEST TPKEEE TPKMD2 TPKMD1 TPKMDO
TPkCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0, 1:
External event count mode

(c) TMPk I/O control register 2 (TPkIOC2)

TPKEES1 TPKEESO TPKETS1 TPKETSO
TPkIOC2|0‘O‘O‘0‘0/1‘0/1‘0‘0|

Select valid edge
of external event
count input (TIPkO pin)

(d) TMPk counter read buffer register (TPKCNT)
The count value of the 16-bit counter can be read by reading the TPKCNT register.

(e) TMPk capture/compare register 0 (TPkCCRO)
If the TPkCCRO register is set to Do, the count is cleared when the number of external event counts has
reached (Do) and the first compare match interrupt request signal (INTTPKCCO) is generated. The
second compare match interrupt request signal (INTTPkCCO) is generated when the number of
external event counts has reached (Do + 1).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER P (TMP)

(1/2)

Example when two capture registers are used (using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Doo Do

0000H

TPKCE bit |

INTTPkOV signal

TPKOVF bit —| —|

TPKOVFO flagh*®

TIPKO pin input

TPKCCRO register Doo Dot

TPKOVF1 flaghete

TIPk1 pin input

TPKCCR1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TPKOVFO and TPKOVF1 flags are set on the internal RAM by software.

<1> Read the TPKCCRO register (setting of the default value of the TIk0 pin input).

<2> Read the TPKCCR1 register (setting of the default value of the TIPk1 pin input).

<3> An overflow occurs. Set the TPkOVFO and TPkOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

<4> Read the TPKCCRO register.
Read the TPKOVFO flag. If the TPKOVFO flagis 1, clear it to 0.
Because the TPKOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

<5> Read the TPKCCR1 register.
Read the TPKOVF1 flag. If the TPkOVF1 flag is 1, clear it to 0 (the TPkOVFO flag is cleared in
<4>, and the TPkOVF1 flag remains 1).
Because the TPKOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

<6> Same as <3>

Remark k=0,2
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

(e) Interrupt operation
TMQn generates the following five interrupt request signals.

INTTQNCCO interrupt:

INTTQNCCH1 interrupt:

INTTQNCC2 interrupt:

INTTQNCCS3 interrupt:

INTTQNOV interrupt:

This signal functions as a match interrupt request signal of the CCRO
register and as a capture interrupt request signal to the TQnCCRO register.
This signal functions as a match interrupt request signal of the CCR1
register and as a capture interrupt request signal to the TQnCCR1 register.
This signal functions as a match interrupt request signal of the CCR2
register and as a capture interrupt request signal to the TQnCCR2 register.
This signal functions as a match interrupt request signal of the CCR3
register and as a capture interrupt request signal to the TQnCCRS register.
This signal functions as an overflow interrupt request signal.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-5. Timing of Anytime Write

TQNCE bit =1

FFFFH
Doz
D21 D21 D21

16-bit Dy, | D1 D1y Dioy”
counter D31/ D31/ D31/ D1
|7l ] 74
0000H ‘ f }
TQnCCRO D D
register o I T 02

CCRO buffer
register

INTTQnCCO
signal

TQnCCR1 X
register

0000H Dot X Doz

CCR1 buffer 5500 D X
register
INTTQNCCH1
signal
TQnCCR2
register
CCR2 bulffer
register
INTTQnCC2
signal
TQnCCR3
register ‘ ‘
CCRS3 buffer
register

INTTQnCC3
signal

0000H D21

0000H D31

Remarks 1. Do1, Do2: Setting values of TQnCCRO register
D11, D12: Setting values of TQnCCR1 register
Da1: Setting value of TQnCCR2 register
Dat1: Setting value of TQnCCRS3 register
2. The above timing chart illustrates an example of the operation in the interval timer mode.
3. n=0, 1
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-10. Register Setting for Interval Timer Mode Operation (2/3)

(c) TMQn I/O control register 0 (TQnIOCO)

TQOOL3 TQOOE3 TQOOL2 TQOOE2 TQOOL1 TQOOE1 TQnOLO TQnOEO
TQnIOCOl 0/1 \ 0/ \ 0 \ 0/ \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

0: Disable TOQnO pin output
1: Enable TOQnO pin output

Setting of TOQNO pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO1 pin output
1: Enable TOQO1 pin output

Setting of TOQnN1 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQO2 pin output
1: Enable TOQO2 pin output

Setting of TOQN2 pin output
level before count operation
0: Low level
1: High level

0: Disable TOQOS3 pin output
1: Enable TOQOS3 pin output

Setting of TOQN3 pin output
level before count operation
0: Low level
1: High level

<R> (d) TMQO I/O control register 2 (TQ0IOC2)

TQOEES1 TQOEESO TQOETS1 TQOETSO
Taolocz | o | o | o | o [omee o[ o | o |

L

Selection of valid edge
of external event count
input (EVTQO pin)

Note Enable setting of the TQOEES1 and TQOEESO bits only when timer output (TOQO00 to TOQO03) is
used. In this case, set the TQOCCRO to TQOCCRBS registers to the same value.

(e) TMQn counter read buffer register (TQnCNT)
By reading the TQnCNT register, the count value of the 16-bit counter can be read.

(f) TMQn capture/compare register 0 (TQnCCRO)
If the TQnNCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER Q (TMQ)

Figure 7-23. Basic Timing in External Trigger Pulse Output Mode

FFFFH

D D D
D3 ZL Ds ZL Ds Z(VL Ds ZD
16-bit counter Dz~ D2 Dz~ De
D1 / D1 / Di_~1 D / D1 /
0000H
TQOCE bit
Software trigger -| -|
TQOCCRQO register Do
INTTQOCCO signal -| -| -|
TOQOO pin output
TQOCCRT1 register D1
INTTQOCC1 signal -| -| -| -|
TOQO1 pin output
Active level Active level Active level Active level Active level
width width width width width
(D1) (D1) (D) (D) (D)
TQOCCR2 register D>
INTTQOCC2 signal ] ] ] ]
TOQO2 pin output
Active level Active level Active level
width (Dz) width (D2) width (D2)
TQOCCRS register Ds
INTTQOCCS signal ] ] ] ]
TOQOS3 pin output
Active level Active level Active level
width (Ds) width (Ds) width (Ds)
Wait Cycle (Do+ 1) Cycle (Do + 1) Cycle (Do + 1)
for trigger
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CHAPTER 9 MOTOR CONTROL FUNCTION

(3) TMQ1 option register 2 (TQ10PT2)
The TQ1OPT2 register is an 8-bit register that controls the timer Q1 option function.
This register can be rewritten when the TQ1CTLO.TQ1CE bit is 1. However, rewriting the TQ1DTM bit is
prohibited when the TQ1CE bit is 1. The same value can be rewritten.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0H.

(1/2)

After reset: 00H R/W Address: FFFFF621H

<7> <6> <5> <4> <3> <2> <1> <0>

TQ1OPT2 | TQIRDE | TQ1DTM |TQ1ATMO3|TQIATMO2| TQ1ATO3|TQ1AT02| TQ1ATO1| TQ1ATOO|

TQ1RDE Transfer culling enable

0 Do not cull transfer (transfer timing is generated every time at crest
and valley).

1 Cull transfer at the same interval as interrupt culling set by the TQ1OPT1
register.

TQ1DTM Dead-time counter operation mode selection

0 Dead-time counter counts up normally and, if TOQ1m output of TMQ1 is
at a narrow interval (TOQ1m output width < dead-time width), the
dead-time counter is cleared and counts up again.

1 Dead-time counter counts up normally and, if TOQ1m output of TMQ1 is
at a narrow interval (TOQ1m output width < dead-time width), the
dead-time counter counts down and the dead-time control width is
automatically narrowed.

Rewriting the TQ1DTM bit is disabled during timer operation. If it is rewritten by
mistake, stop the timer operation by clearing the TQ1CE bit to 0, and re-set the
TQ1DTM bit.

Cautions 1. When using interrupt culling (the TQ10OPT1.TQ1ID4 to
TQ10PT1.TQ1IDO bits are set to other than 00000), be sure to set the
TQ1RDE bit to 1.
Therefore, the interrupt and transfer are generated at the same timing.
The interrupt and transfer cannot be set separately. If the interrupt
and transfer are set separately (TQ1RDE bit = 0), transfer is not
performed normally.

<R> 2. To generate the dead-time period, set the TQ1DTC register to 1 or

more.

When the operation is stopped (TQ1CTL0.TQ1CE bit = 0), the dead-

time period is not generated and the output level of the TOQ1T1 to

TOQ1T3 pins and TOQ1B1 to TOQ1B3 pins will be in the initial status.

For the system protection, therefore, before operation is being

stopped, set the TOQ1T1 to TOQ1T3 and TOQ1B1 to TOQ1B3 pins to

the high impedance state, or set the output level of pins and switch

them to the port mode.

If a dead time period is not needed, set the TQ1DTC register to 0.

Remark m=11t03
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CHAPTER 9 MOTOR CONTROL FUNCTION

)

Rewriting TQ1OPT0.TQ1CMS bit

The TQ1CMS bit can select the anytime rewrite mode and batch rewrite mode. This bit can be rewritten during
timer operation (when TQ1CTLO.TQ1CE bit = 1). However, the operation and caution illustrated in Figure 9-31
are necessary.

If the TQ1CCR1 register is written when the TQ1CMS bit is cleared to 0, a transfer request signal (internal
signal) is set.

When the transfer request signal is set, the register is transferred at the next transfer timing, and the transfer
request signal is cleared. This transfer request signal is also cleared when the TQ1CMS bit is set to 1.

Figure 9-36. Rewriting TQ1CMS Bit

TQ1CCR1 -
register ! X k X r X s

CCR1 buffer X0000H>

register !
Write signal of 2 4 > 5 6
TQ1CCR1 [ =~ <> ﬂ? = =
Transfer | | <3>
request signal ?Iear / l Clear
TQI1CMS bit [T<1> |
<1> If the TQ1CCRH1 register is rewritten when the TQ1CMS bit is 0, the transfer request signal is set.

<2>

<3>

<4>

<5>

<6>

Transfer

o] ~

timing

7N

If the TQ1CMS bit is set to 1 in this status, the transfer request signal is cleared.

The register is not transferred because the TQ1CMS bit is set to 1 and the transfer request signal is
cleared.

The transfer request signal is not set even if the TQ1CCR1 register is written when the TQ1CMS bit is 1.
The transfer request signal is not set even if the TQ1CCR1 register is written when the TQ1CMS bit is 1,
so even if the TQ1CMS bit is cleared to 0, transfer does not occur at the subsequent transfer timing.

The transfer request signal is set if the TQ1CCR1 register is written when the TQ1CMS bit is 0.

Transfer is performed at the subsequent transfer timing and the transfer request signal is cleared.

Once transfer has been performed, the transfer request signal is cleared. Therefore, transfer is not
performed at the next transfer timing.
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CHAPTER 11 A/D CONVERTERS 0 AND 1

(®)

(6)

@)

®)

©)

Successive approximation register (SAR)

The SAR is a 10-bit register that sets voltage tap data whose values from the array match the voltage values of
the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR (conversion results) are held in A/Dn conversion result registers 0 to 3 (ADAnNCRO to ADANCR3) (n =
0, 1). When all the specified A/D conversion operations have ended, an A/Dn conversion end interrupt request
signal (INTADn) is generated.

A/Dn conversion result registers 0 to 3 (ADAnNCRO to ADAnCR3), A/Dn conversion result registers OH
to 3H (ADANCROH to ADANCR3H) (n =0, 1)

The ADANnCRO to ADANCR3 and ADANnCROH to ADANCR3H registers are registers that hold the A/D
conversion results. Each time A/D conversion ends, the conversion result is loaded from the successive
approximation register (SAR) and stored in the higher 10 bits of the ADANCRO to ADANCRS3 registers. The
lower 6 bits of these registers are always 0 when read.

The higher 8 bits of the result of A/D conversion are read from the ADANCROH to ADAnCR3H registers. To
read the result of A/D conversion in 16-bit units, specify the ADAnNCRO to ADAnCR3 registers. To read the
higher 8 bits, specify the ADANCROH to ADAnCR3H registers.

A/D converter n mode register 0 (ADAnNMO0) (n =0, 1)
This register is used to specify the operation mode and controls the conversion operation.

A/D converter n mode register 1 (ADAnM1) (n =0, 1)
This register is used to set the number of conversion clocks of the analog input to be A/D converted.

A/D converter n channel specification register (ADARNS) (n =0, 1)
This register is used to specify the analog input pin to be A/D converted.

(10) A/D converter n mode register 2 (ADA2M2) (n =0, 1)

This register is used to specify the buffer mode and specify the mode in the hardware trigger mode.

(11) ANInO to ANIn3 pins (n =0, 1)

The ANInO to ANIn3 pins are analog input pins for A/D converters 0 and 1. They input the analog signals to be
A/D converted.

Caution Make sure that the voltages input to ANInO to ANIn3 do not exceed the rated values. If a
voltage higher than or equal to AVrern or lower than or equal to AVssn (even within the range
of the absolute maximum ratings) is input to a channel, the conversion value of the channel
is undefined, and the conversion values of the other channels may also be affected.

(12) AVrero and AVRer1 pins

430

This is the pin for inputting the reference voltage of A/D converters 0 and 1. It converts signals input to the
ANInO to ANIn3 pins to digital signals based on the voltage applied between AVrern and AVssn (n= 0, 1).
Always make the potential at the AVRrern pin the same as that at the EVop pin even when A/D converters 0 and
1 are not used.

The operating voltage range of the AVRern pin is Vob = EVop = AVbbn = AVREFn = 4.5t0 5.5 V.
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CHAPTER 12 ASYNCHRONOUS SERIAL INTERFACE A (UARTA)

12.2 Configuration

The block diagram of the UARTAnN is shown below.

<R> Figure 12-1. Block Diagram of UARTANn
S Internal bus S
INTUANT - yARN
INTUANR~——— [t
Reception unit i Transmission
: UANRX : : unit UANTX :
Receive i Reception Transmission Transmit |
¢ [shift register [+ controller ! . + | controller shift register| .
Filter Baud rate i+~ Baud rate Selector ©TXDAn
: T generator : H generator !
: : Sy S ©RXDAN
: Selector I :
+—— Parity E
Framing H
Overrun
: !i > INTUANRE
fxx to fxx/2048 —| S %
o0
O |
UANCTLA
UANCTLO UANGTL2 UANSTR UAnOPTO
S Internal bus
Remarks 1. n=0, 1
2. For the configuration of the baud rate generator, see Figure 12-9.
UARTAR includes the following hardware units.
Table 12-1. Configuration of UARTAN
Item Configuration
Registers UARTARN control register 0 (UANCTLO)
UARTAR control register 1 (UAnCTL1)
UARTAR control register 2 (UANCTL2)
UARTAR option control register 0 (UANOPTO)
UARTAR status register (UANSTR)
UARTARN receive shift register
UARTARN receive data register (UANRX)
UARTAR transmit shift register
UARTAR transmit data register (UAnTX)
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CHAPTER 12 ASYNCHRONOUS SERIAL INTERFACE A (UARTA)

12.5.6 Parity types and operations
The parity bit is used to detect bit errors in the communication data. Normally the same parity is used on the

transmission side and the reception side.

In the case of even parity and odd parity, it is possible to detect odd-count bit errors. In the case of 0 parity and no
parity, errors cannot be detected.

(@)

(b)

()

(d)

490

Even parity

(i) During transmission
The number of bits whose value is “1” among the transmit data, including the parity bit, is controlled so as
to be an even number. The parity bit values are as follows.

¢ Odd number of bits whose value is “1” among transmit data: 1
e Even number of bits whose value is “1” among transmit data: 0

(ii) During reception
The number of bits whose value is “1” among the reception data, including the parity bit, is counted, and if
it is an odd number, a parity error is output.

0Odd parity

(i) During transmission
Opposite to even parity, the number of bits whose value is “1” among the transmit data, including the parity
bit, is controlled so that it is an odd number. The parity bit values are as follows.

¢ Odd number of bits whose value is “1” among transmit data: 0
e Even number of bits whose value is “1” among transmit data: 1

(ii) During reception
The number of bits whose value is “1” among the receive data, including the parity bit, is counted, and if it
is an even number, a parity error is output.

0 parity

During transmission, the parity bit is always made 0, regardless of the transmit data.

During reception, parity bit check is not performed. Therefore, no parity error occurs, regardless of whether the
parity bitis O or 1.

No parity

No parity bit is added to the transmit data.
Reception is performed assuming that there is no parity bit. No parity error occurs since there is no parity bit.
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CHAPTER 13 3-WIRE VARIABLE-LENGTH SERIAL 1/O (CSIB)

@/2)

CBODIRN"! Specification of transfer direction mode (MSB/LSB)
0 MSB first
1 LSB first
CBOTMS"e! Transfer mode specification
0 Single transfer mode
1 Continuous transfer mode

* When using single transmission or transmission/reception mode with communication
type 2 or 4 (CBOCTL1.CBODAP bit = 1), write the transfer data to the CBOTX
register after checking that the CBOSTR.CBOTSF bit is 0.

CBOSCE Specification of start transfer disable/enable
0 Communication start trigger invalid
1 Communication start trigger valid

* In master mode
This bit enables or disables the communication start trigger.
(a) In single reception mode
Clear the CBOSCE bit to 0 before reading the receive data (CBORX register)¢2,
(b) In continuous reception mode
Clear the CBOSCE bit to 0 one communication clock before reception of the
last data is endedN'*®3,
* In slave mode
This bit enables or disables the communication start trigger.
(a) In single reception mode or continuous reception mode
Set the CBOSCE bit to 1Note 4,
* In single transmission or transmission/reception mode, or continuous transmission
or transmission/reception mode
The function of the CBOSCE bit is invalid. It is recommended to set this bit to 1.

Notes 1. These bits can only be rewritten when the CBOPWR bit = 0.
However, the CBOPWR can be set to 1 at the same time as these
bits are rewritten.

2. If the CBOSCE bit is read while it is 1, the next communication
operation is started.

3. The CBOSCE bit is not cleared to 0 one communication clock

before the end of the last data reception, the next communication
operation is automatically started.
To start communication operation again after reading the last
data, set the CBOSCE bit to 1 and perform a dummy read of the
CBORX register.

4. To start the reception, a dummy read is necessary.

504
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CHAPTER 14 INTERRUPT/EXCEPTION PROCESSING FUNCTION

14.3.6 In-service priority register (ISPR)

The ISPR register holds the priority level of the maskable interrupt currently acknowledged. When an interrupt
request signal is acknowledged, the bit of this register corresponding to the priority level of that interrupt signal request
is set to 1 and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request signal having the highest
priority is automatically cleared to 0 by hardware. However, it is not cleared to 0 when execution is returned from non-
maskable interrupt servicing or exception processing.

This register is read-only, in 8-bit or 1-bit units.

Reset sets this register to 00H.

Caution In the interrupt enabled (El) state, if an interrupt is acknowledged during the reading of the ISPR
register, the value of the ISPR register may be read after the bit is set (1) by this interrupt
acknowledgment. To read the value of the ISPR register properly before interrupt
acknowledgment, read it in the interrupt disabled (DI) state.

After reset: 00H R Address: FFFFF1FAH

<7> <6> <5> <4> <3> <2> <1> <0>

ISPR | ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO |

ISPRn Priority of interrupt currently being acknowledged
0 Interrupt request signal with priority n is not acknowledged
1 Interrupt request signal with priority n is being acknowledged

Remark n: 0 to 7 (priority level)
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CHAPTER 14 INTERRUPT/EXCEPTION PROCESSING FUNCTION

(2) Generation of exception in servicing program

576

Servicing program of maskable interrupt or exception

¢ EIPC saved to memory or register
e EIPSW saved to memory or register

e TRAP instruction <« Exception such as TRAP instruction acknowledged.

Saved value restored to EIPSW
e Saved value restored to EIPC
e RETI instruction

The priority order for multiple interrupt servicing control has 8 levels, from 0 to 7 for each maskable interrupt
request signal (0 is the highest priority), but it can be set as desired via software. The priority order is set using
the xxPRn0 to xxPRn2 bits of the interrupt control request register (xxICn), provided for each maskable
interrupt request signal. After system reset, an interrupt request signal is masked by the xxMKn bit and the
priority order is set to level 7 by the xxPRn0 to xxPRn2 bits.

The priority order of maskable interrupts is as follows.
(High) Level 0> Level 1 > Level 2 > Level 3> Level 4 > Level 5 > Level 6 > Level 7 (Low)
Interrupt servicing that has been suspended as a result of multiple servicing control is resumed after the
servicing of the higher priority interrupt has been completed and the RETI instruction has been executed.
A pending interrupt request signal is acknowledged after the current interrupt servicing has been completed

and the RETI instruction has been executed.

Caution In a non-maskable interrupt servicing routine (time until the RETI instruction is executed),
maskable interrupts are suspended and not acknowledged.

Remark xx: ldentification name of each peripheral unit (see Table 14-2)
n: Peripheral unit number (see Table 14-2)
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CHAPTER 17 REGULATOR

17.2 Operation

The regulator of this product always operates in any mode (normal operation mode, HALT mode, IDLE mode,
STOP mode, or during reset).

Be sure to connect a capacitor (4.7 uF (recommended value)) to the REGC pin to stabilize the regulator output.

A diagram of the regulator pin connection method is shown below.

Figure 17-2. REGC Pin Connection

Vob
Input voltage = 3.5t0 5.5 V © REG
REGC Voltage supply to oscillator/internal logic = 2.5 V (TYP.)

L.
4.7 uF
(recommended)

. © Vss
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CHAPTER 18 FLASH MEMORY

18.5 Rewriting by Self Programming (4.PD70F3714 only)

18.5.1 Overview

The V850ES/IE2 supports a flash macro service that allows the user program to rewrite the internal flash memory
by itself. By using this interface and a self programming library that is used to rewrite the flash memory with a user
application program, the flash memory can be rewritten by a user application transferred in advance to the internal
RAM or external memory. Consequently, the user program can be upgraded and constant data can be rewritten in the

field.

Figure 18-15. Concept of Self Programming

Application program
C Self programming library D

Flash function execution | Flash information

Flash macro service

Erase, write

Flash memory
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CHAPTER 19 ELECTRICAL SPECIFICATIONS

CSIB Timing: CBOCTL1.CBOCKP, CBOCTL1.CBODAP Bits = 10

<11>, <17>

<12>,<18> <12>, <18>
——>
SCKBO (I/0) / \
<13>, | <14>,
<19> <20>
SIBO (input) ----=-=-=-=-=-=--+ - Input data >— --- —-<:>—— -
<15>
<21> <16>, <22>

=
SOBO (output) Output data X ><

Remark The broken lines indicate high impedance.

CSIB Timing: CBOCTL1.CBOCKP, CBOCTL1.CBODAP Bits = 11

<11>, <17>
<12>, <18> <12>, <18>
L e
SCKBO (I/0)
<14>,
<20>
<15>, <21>
L —
<16>, <22>
SOBO (output) >< Output data ><

Remark The broken lines indicate high impedance.
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APPENDIX D REVISION HISTORY

(2/3)
Page Description
p.213 Modification of description in 6.6.5 (2) (b) 0%/100% output of PWM waveform
p. 232 Modification of description in Figure 6-41 Configuration in Pulse Width Measurement Mode
p. 233 Modification of description in 6.6.7 Pulse width measurement mode (TPkMD2 to TPkMDO bits = 110)
pp. 234, 235 Modification of description in Figure 6-43 Register Setting in Pulse Width Measurement Mode
p. 236 Deletion of description from Figure 6-44 Software Processing Flow in Pulse Width Measurement Mode
p. 238 Addition of description to Table 7-1 TMQn Overview
p. 246 Modification of description in 7.4 (3) TMQn I/O control register 0 (TQnIOCO0)
p. 262 Modification of description in 7.6 (1) (a) Counter start operation
pp. 270 to 272 Modification of description in Figure 7-10 Register Setting for Interval Timer Mode Operation
p. 273 Addition of description to Figure 7-11 Software Processing Flow in Interval Timer Mode
p. 278 Modification of description in 7.6.1 (2) (d) Operation of TQnCCR1 to TQnCCR3 registers
p. 280 Addition of 7.6.1 (3) Operation by external event count input (EVTQO)
p. 281 Addition of description to 7.6.2 External event count mode (TQOMD2 to TQOMDO bits = 001)
p. 284 Addition of description to Figure 7-17 Register Setting for Operation in External Event Count Mode
p. 286 Addition of description to 7.6.2 (2) Operation timing in external event count mode
p. 292 Modification of figure description in Figure 7-23 Basic Timing in External Trigger Pulse Output Mode
p. 293 Addition of description to 7.6.3 External trigger pulse output mode (TQOMD2 to TQOMDO bits = 010)
p. 301 Modification of description in 7.6.3 (2) (b) 0%/100% output of PWM waveform
p. 309 Modification of description in Figure 7-28 Register Setting in One-Shot Pulse Output Mode
pp. 310, 311 Modification of description in Figure 7-29 Software Processing Flow in One-Shot Pulse Output Mode
p. 323 Modification of description in 7.6.5 (2) (b) 0%/100% output of PWM waveform
p. 346 Modification of description in 7.6.7 Pulse width measurement mode (TQOMD2 to TQOMDO bits = 110)
p. 363 Addition of description to 9.2 (1) TMQ1 dead-time compare register (TQ1DTC)
p. 365 Addition of description to 9.3 (2) TMQ1 option register 1 (TQ10PT1)
p. 366 Addition of description to 9.3 (3) TMQ1 option register 2 (TQ10PT2)
p. 370 Addition of description to Figure 9-3 Output Control of TOQ1Tm and TOQ1Bm Pins (Without Dead Time)
p. 378 Modification of Figure 9-5 Outline of 6-Phase PWM Output Mode
p. 383 Modification of Figure 9-9 0% PWM Output Waveform (with Dead Time)
p. 384 Modification of Figure 9-10 100% PWM Output Waveform (with Dead Time)
p. 385 Modification of Figure 9-11 PWM Output Waveform from 0% to 100% and from 100% to 0% (with Dead
Time)
p. 389 Addition of description to 9.4.3 Interrupt culling function
p. 438 Modification of description in 11.4.1 Basic operation
p. 475 Modification of Figure 12-1 Block Diagram of UARTAn
p. 476 Modification of description in 12.2 (5) UARTAR status register (UAnNSTR)
p. 477 Modification of description in 12.3 (1) UARTAR control register 0 (UANCTLO)
p. 487 Modification of Figure 12-5 Continuous Transmission Operation Timing
p. 523 Modification of figure description in 13.4.7 (2) Operation timing
p. 559 Addition of description to 14.3.4 Interrupt control registers (xxICn)
p. 572 Addition of description to 14.6.1 (2) Restore
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